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(54) A method for shaping thin film resonators to shape acoustic modes therein 



(57) A process for configuring a thin film resonator 
to advantageously shape a desired acoustic mode of the 
resonator such that the electrical and acoustic perform- 
ance of the resonator is enhanced. As a result of the 
contouring or shaping, a minimum amount of acoustic 
energy occurs near the edge of the resonator, from 
which energy may leak or at which undesired waves 
may be created by a desired mode. The process Is used 



during batch-fabrication of thin-film resonators which 
are used in high frequency RF filtering or frequency con- 
trol applications. Utilizing photolithography, the shaping 
can be achieved In a manner derived from the known 
methods used to manufacture lens arrays. Using the 
process, the lateral motion of acoustic waves within the 
resonator may be controlled and the acoustic energy of 
the sound wave positioned at a desired location within 
the resonator; 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001 ] The present invention relates to the field of ra- 
dio frequency (RF) electrical filters, frequency control el- 
ements and oscillators having resonators and, more 
particularly, to a process for structuring a thin film reso- 
nator to advantageously shape the mode of the acoustic 
resonator such that the electrical and acoustic perform- 
ance of the resonator are enhanced. 

2. Description of the Related Art 

[0002] Thin film resonators (TFRs) are thin film acous- 
tic devices which can resonate in the radio frequency to 
microwave range, for example, 0.5 to 5 Gigahertz 
(GHz), in response to an electrical signal. A typical TFR 
has a piezoelectric film between a first electrode and a 
second electrode which apply an electric field to the pi- 
ezoelectric film. The film Is made of a piezoelectric crys- 
talline material, such as zinc oxide, aluminum-nitride 
(AIN) or other piezoelectric crystalline material, which 
exhibits a piezoelectric effect. The piezoelectric effect 
occurs when the piezoelectric material expands or con- 
tracts in response to an electric field applied across the 
piezoelectric material, for example by the first and sec- 
ond electrodes, or produces charge or current in re- 
sponse to nriechanlcal stress or strain applied to the pi- 
ezoelectric materia!. The mechanical resonance fre- 
quency of the film, is defined for a film of unifonn thick- 
ness as the acoustic velocity (v) In the film divided by 
two (2) times the thickness (t) of the film or f^ =v / 2t If 
an RF source is used to apply an alternating electric field 
of variable frequency to a pie2;oelectric film, as the fre- 
quency of the source matches the mechanical reso- 
nance frequency of the film, a pronounced enhance- 
ment in the mechanical motion of the piezoelectric film 
will occur Correspondingly, the piezoelectric material 
will produce a maximum amount of current at this reso- 
nance frequency because of the mechanical motion 
which is large in magnitude. Piezoelectric film is useful 
as an element in electrical filters, oscillators, or frequen- 
cy control circuits because it yields different amounts of 
current at different frequencies. If the resonating or 
transducing material is magnetostrictive or electrostrlc- 
tive (i.e., CoFeTaZr alloys (cobalt iron tantalum zirconi- 
um) or PMN (Lead Magnesium Niobate)), electric filters 
can also be made using mechanical resonators be- 
cause, as in piezoelectric material, an RF source will 
cause the resonating material to mechanically move. 
[0003] Boundaries at the upper and lower surfaces of 
a piezoelectric material may be imposed to reflect 
acoustic waves excited in the material such that a sym- 
pathetic vibration (i.e., resonance) occurs at a desired 
frequency. For example, a material can be polished with 



two flat interfaces separated by just enough material (for 
example, half of a wavelength at the propagation veloc- 
ity of sound through the material) such that the transit 
time of a wave back and forth In the materia) occurs at 

5 a desired period. Such resonators can be made from 
bulk piezoelectric crystals which are polished to the de- 
sii-ed dimensions. However, there is a practical limit to 
the highest frequency achievable in this manner, which 
frequency occurs when polishing reduces the material 

10 to thicknesses so small that the material cannot be ban- 
died easily. 

[0004] TFRs can be used at radio frequency (RF) be- 
cause piezoelectric films can be made thin, for example 
at higher frequencies, such as 0.5-1 0 GHz, the piezoe- 

15 lectric film can be between 0.4 and 8 microns in thick- 
ness. Piezoelectric resonators needed for these higher 
frequency applications can be made by using tech- 
niques similar to those used to manufacture integrated 
circuits. The TFR stmcture can be formed on the sub- 

20 strate, such as a silicon (SI), Gallium Arsenide (GaAs) 
or other semiconductor substrate, formonollthic integra- 
tion purposes, such as integration with active semicon- 
ductor devices. If the TFR has acoustic reflecting layer 
(s) as explained below, the acoustic reflecting layer(s) 

25 are fomned on the substrate followed by thfe second 
electrode Which Is formed on the reflecting layer(s). If 
there are no acoustic reflecting layers, then the second 
electrode is fomned on the substrate, for example using 
chemical vapor deposition (CVD) or sputtering. See, 

30 Kern & Vossen, Thin Film Processes, Vols. I and II, Wi- 
ley & Sons. The piezoelectric film is then formed on the 
second electrode, and the first electrode Is fomned on 
top of the piezoelectric film, for example using chemical 
vapor deposition (CVD) or sputtering. 

35 [0005] If such a piezoelectric film is simply deposited 
on a silicon wafer, a large portion of the sound which is 
produced may leak into the silicon and be lost due to the 
poor acoustic reflection between the piezoelectric ma- 
terial and the silicon. In orderto impose a good reflecting 

40 Interface In this case, a portion of the silicon substrate 
is removed from underthe device, yielding a membrane 
type TFR device. Alternatively, an acoustic mirror may 
be manufactured by repeatedly causing small reflec- 
tions from many interfaces between different materials 

45 and ensuring all the reflections sum constructively. For 
example, in the resonator 10 shown in Fig. 1 , as move- 
ment of a sound wave from the upper layer 1 1 of alumi- 
num nitride (AIN) to the first layer 12 of silicon dioxide 
occurs (SiOa), some of the energy of the wave is reflect- 
so ed instead of completely passing through the first layer 
1 1 , due to the different densities and sound propagation 
speeds of each layier. At the interface between the sili- 
con dioxide layer 12 and the next aluminum nitride layer 
13, another reflection occurs. However each time the 

55 sound wave is reflected, it is constmctively summed with 
the reflected sound wave which exists in the upper layer 
11 , To ensure that these reflections sum constructively, 
each mirror layer should have a thickness of exactly one 
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quarter of the wave length of sound at the desired fre- 
quency. In this manner, if one half of the energy of the 
Imposed wave is reflected at each interface, once the 
sound wave has passed through twelve layers, for ex- 
ample, all of the wave except 1 part in 1 ,000 of the sound 
wave will be reflected. This non retflecled portion repre- 
sents the amount of sound wave lost from the resonator. 
[0006] To resonate at typical RF frequencies such as 
2 GHz. an AIN film will, be typically 2.5 microns thick, 
and the electrodes may be 300 microns across for an 
optimum match to a 60 Ohm circuit. Thus, the ratio of 
the material thickness to lateral dimension is small, and 
the sound energy Is not laterally well confined. Detri- 
mental interactions between different types of acoustic 
waves (modes) and the edge of the resonator occur, and 
large fields at the edge of the resonator may create un- 
wanted motions in the resonator. Any of these effects 
remove energy from the desired vibration and degrade 
resonator quality. 

SUMMARY OF THE INVENTION 

[0007] The present invention is a process for litho- 
graphically shaping a resonator such that a predomi- 
nance of acoustic energy is provided at desired loca- 
tions within the resonator. For example, by providing a 
resonator which is shaped to be constructed thicker in 
Its middle, the resonant mode shape becpmes changed 
such that the resonant mode will also be greater at the 
middle of the resonator. The mode shape is seen when 
an instantaneous "snapshot" of a standing resonant 
wave is taken; it shows where a response amplitude of 
motion Is large and where It Is small. As a result of In- 
creasing the thickness of the resonator at the middle and 
thus changing the mode shape, the fractional amount of 
energy which is converted to unwanted vibrations by the 
edge of the resonator is reduced. This resonator litho- 
graphic shaping process can be used during batch-fab- 
rication (i.e., where multiple thin film resonators are 
manufactured on a continuous silicon substrate of thin- 
film resonators which are used in high frequency appli- 
cations.) In certain embodiments, the shaping is 
achieved using photolithography. Photo-definable re- 
sists can be positioned over areas of the substrate that 
are not meant to be removed. The resist itself will be 
removed at a rate such that it may only protect the sub- 
strate beneath It until the resist is removed. Material re- 
moval or an etching process can be used to transfer a 
shaped pattern in a resist to a shaped pattern in the pi- 
ezoelectric material being removed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The present invention may be more readily un- 
derstood by one skilled in the art with reference being 
had to the following detailed description of the preferred 
embodiments thereof, taken in conjunction with the ac- 
companying drawings wherein like elements are desig- 



nated by identical reference numerals throughout the 
several views, and In which: 

Fig. 1 is an illustration of a resonator constructed 
5 on an acoustic mirror with regular flat geometry in 
accordance with the prior art; 
Fig. 2 is an exemplary illustration of a domed plezo 
resonator on an acoustic mirror according to the 
present invention; 
10 Fig. 3 is an Illustration of the process steps for pro- 
ducing a domed piezo resonator according to the 
present invention; 

Fig. 4 is an illustration of a step-wise shaped piezo 
resonator on an acoustic mirror according to the 

15 present invention; 

Fig. 5 is a cross sectional illustration of a plano-con- 
vex shaped resonator according to the invention; 
Fig. 6 is a cross sectional illustration of a doubly- 
convex shaped resonator according to the inven- 

20. tlon; 

Fig, 7 is a cross sectional illustration of a doubly 
step-wise shaped resonator according to the inven- 
tion; 

Fig. 8 is a cross sectional Illustration of a resonator 
25 haying features of both of the resonators of Fig. 6 
and Fig. 7; 

Fig. 9 is an alternative cross sectional fllustration of 
a resonator having features of both of the resona- 
tors of Fig. 5 and Fig. 7; 

so Fig. 1 0(a) through 1 0(f) are top views of various res- 
onators having different geometries- and sym- 
metries according to the invention; and 
Fig . 1 1 (a) through 1 1 (d) are top views of various res- 
onators having different edge configurations ac- 

35 cording to the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EltflBODIMENTS 

40 [0009] Fig. 2 is an exemplary illustration of a domed 
piezo resonator 30 according to the present invention. 
In the resonator 30 shown in Fig. 2, the AIN 31 (piezo 
layer) is domed and layers of SiOg 32, and AIN 33 are 
positioned beneath the domed layer of AIN 31 to act as 

45 an acoustic mirror. At lower frequencies, quartz crystals 
have mechanically polished domes and are also me- 
chanically manufactured in order to perfomn improved 
filtering and frequency selection. The resonator 30 
shown In Fig. 2 operates at high frequencies, where a 

50 fundamentally different preparation sequence is used. 
First, thin films are deposited on silicon (In a manner 
similar to that used when making computer chips) and 
all of the .manufacturing steps are performed utilizing 
photo lithographic and etching techniques, such that a 

55 domed acoustic resonator 30 which advantageously 
guides the acoustic waves to the center of the resonator 
Is obtained. 

[0010] In the resonator according to the present in- 
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vention, if asound wave is introduced into the resonator, 
the sound wave will enter, bounce off the opposing side 
and return to the point of origin. If the sound wave is 
entered into the resonator in phase, the sound wave will 
sum constructively with any sound wave which is al- 
ready present. This Is a simpliried view of syrripalhetic 
vibration (i.e., resonance). Conversely, if the scuind 
wave Is entered into the resonator out of proper phase, 
the sound wave may destructively interfere with any 
.sound wave which Is already present. In the present In- 
vention, the time required for a sound wave to propa- 
gate, hit an opposite surface of a layer and return (I.e.,. 
a reflection) is relevant in detemnining resonance and 
destructive interference. If a layer thickness is in- 
creased, It takes longer for the sound wave to propagate 
and return. In a thinner layer, on the other hand, the 
sound wave propagates and reflects at an earlier time. 
[001 1 ] Piezoelectric films are utilized for electronic fil- 
tering because their electrical properties exhibit useful 
characteristics at the mechanical resonance frequency 
of piezoelectric material. In such filters, the reduction of • 
any signal degradation due to energy loss is vital. An 
example of loss in such a device is the creation of un- 
wanted lateral excitations (drawing energy from the de- 
sired resonance mode) which is known to occur at the 
edge of the resonator. It is thus Important to control the 
mode shapes in piezoelectric devices to enhance their 
electrical performance. 

[0012] The resonator can be shaped using tech- 
niques similar to those used In current microlens fabri- 
cation processes. For example, the following patents, 
all of which are expressly Incorporated herein by refer- 
ence as If fully set forth herein, provide examples.of such 
micro lenses and microlens arrays. For instance, U.S. 
Patent No. 5,079,130 lo Derkits, Jr, describes a refrac- 
tive micro lenses process using photolithography and 
reactive ion etching. U.S. Patent No. 5,286,338 to Feld- 
blum, etat, describes the production of diffractive micro- 
optic arrays using thin film deposition. U.S. Patent No. 
5,011,254 to Edwards, et aL describes a process for 
manufacturing micro lenses directly on the end of optical 
fibers for coupling applications. Lastly, U.S. Patent No. 
to 5:41 2,506 to Feidblum, et aL describes the fabrication 
of diffractive micro-optics using a multi-level etching 
process. Micro lenses are commercially available from 
companies such as Corning, Nipp6n Sheet Glass, and 
United Technologies. 

[001 3] A lithographic method for making refractive mi- 
cro lenses is disclosed in U.S. Patent No. 5,079,130 and 
is improved upon in U.S. Patent No. 5,286,338. A cylin- 
drical ienses may be made using the process described 
in U.S. Patent No. 5,286,338. In this case, however, long 
rectangles (rather than cylinders) of resist are used. 
[0014] Diffractive microlens arrays are made by ap- 
proximating an ideal diffractive optical surface profile 
with a series of planar levels; this produces a staircase 
effect. The more levels used, the greater the diffraction 
efficiency. An 8-level structure has a theoretical maxi- 



mum diffraction efficiency of 95%, versus 99% for a 
16-level structure. A series of lithographic exposures 
and reactive ion etching are used to fabricate these 

structures. 

5 [001 5] Figure 3, is an illustration of the process steps 
for producing a resonator 20 in accordance with the 
present Invention. This process begins by coating a sub- 
strate 21 with photo resist 22 which Is exposed and de- 
veloped into "hockey-puck" cylinders 23. For example, 

10 a photo resist is patterned Into cylinders 23 and using a 
heating schedule (heat at 80*» 0, then 1 50^ C for 1 D min- 
utes at each temperature, for example), the photo resist 
cylinders 23 are melted into dome shaped "drops 24." 
Next, reactive ion etching (RIE) is used to transfer the 

IS resist lenses into the substrate material . Partial resist 25 
Is obtained prior to completion of the RIE. Upon com- 
plete removal of the resist, removal of the substrate will 
also begin. 

[0016] Utilizing an etching process (for example, re- 

20 active ion etching, wet chemistry or focus ion beam mill- 
ing (FIB)), the resist 25 and material 21 are then etched 
at the required rates (as set forth In the etching process) 
such that the final structure 26 possesses the desired 
amount of doming, contouring or shaping for guiding the 

25 acoustic waves to the center of the resonator. Reactive 
Ion etching Is the removal of material in a chamber into 
which reactive gases are Introduced to chemically at- 
tack the surface to be removed. The removal process 
in FIB is enhanced by bombarding the surface of the 

30 material with high energy ions from an Ionized plasma. 
This Is accomplished by creating charged ions (typically 
chemically-inert ions) and accelerating the ions toward 
the material to be removed. Wet chemistry uses known 
chemicals to dissolve and "react away" material from a 

35 substrate in a wet chemical bath. For example, alumi- 
num and many other materials can be chemically etched 
in hydrofluoric acid. Chemical mechanical polishing 
(CMP) uses a very fine polishing slurry and a polishing 
pad, combined with a chemical reaction to remove ma- 

40 terlal from the substrate. If the removal rate of the ma- 
terial and resist is equal In any of the above material 
removal processes, the initial pattern which existed in 
the resist will be exactly reproduced in the material be- 
neath the resist. If, however, the. resist is removed at a 

45 rate which is half the rate of the removal of the underiy- 
ing material for example, the initial pattem will be scaled 
as it is transferred to the underlying material. In this 
case, any step or dome height which existed in the resist 
will be doubled since the underlying material was etched 

50 at twice the etching rate of the resist. The type of mate- 
rial removal process used and the parameters of the 
process can be changed during the material removal 
stage to vary the relative etch rates of the resist and the 
underlying material such that the initial resist shape Is 

55 tailored to a desired final shape. For example, change 
the type of reactive gas used during RIE, change the 
chemicals in which the wet etch Is performed or change 
the type of chemicals used to perform the CMP. This 
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provides greater flexibility during etching, and permits 
the creation of a broader range of final shapes. 
[0017] Alternatively, the photo resist 22 may be ex- 
posed to the vapors of a suitable resist solvent such as, 
for example, propylene glycol methyl ether acetate (PG- s 
MEA) to form the resist drops. Here, the resist cylinders 
23 are exposed to the vapors of the heated solvent In 
an evacuated heated chamber. As the vapors of the sol- 
vent are absorbed by the resist cylinders 23, the tem- 
perature at which the material flows is lowered, and the 
resist cylinders 23 flow to fomn the resist layer 24. The 
use of vapor advantageously permits the use of much 
thinner resist layers. Resist thicknesses of 0.4jim and 
greater can be used, as opposed to the several microns 
required using the rpelting technique. As a result, a sub- 
stantial reduction in .subsequent etching times Is 
achieved. 

[001 8] The resonator may be shaped such that it pos- 
sesses low symmetry (when view from above). Gener- 
ally, a circular resonator (for example) possesses the 
highest symmetry, along with a more pronounced level 
of constructive interference of laterally traveling waves. 
On the other hand, a non radially shaped resonator (a 
hexagonal shaped resonator, for example) exhibits a 
lower level of constructive interference. Consequently, 
a resonator having a highly symmetric structure and a 
resonator having a low symmetric structure should be 
used to obtain a large constructive interference or a low 
constructive interference, respectively. 
[0019] In certain cases, it is desirable for lateral waves 
within the resonator to reflect in phase, and thus sum 
constructively. However,.there are instances where It is 
desirable for such lateral waves to reflect at random 
phases (I.e., by constructing resonators having hatched 
scalloped, jagged or wavy edges, for example). This 
may prove advantageous in that it is possible to cause 
the sound waves to interfere in a non uniform manner, 
and thus reduce constructive interference. 
[0020] In another alternative embodiment of the in- 
vention, dishing instead of doming may be preferred for 
applications where thiclcer boundary regions produce a 
mode with pronounced vibration at the resonator's edge. 
In other alternative embodiments, multiple domes within 
a resonator, wash-boarding with, multiple high and low 
rows, or radial patterns (for example, a target with uni- 
fonn or nonunifomn periodicity and height) may be pre- 
ferred. The shaping may be performed on any part of 
the device: the substrate, reflecting layers, piezoelectric 
resonator or the metallic electrodes. As a result of the 
shaping, the lateral motion of acoustic waves within the 
resonator may be controlled. This permits accentuation 
of the acoustic energy or the sound wave at desired lo- 
cations within the resonator. This advantageously af- 
fects the performance of the resonator when used as a 
frequency selective device such as an oscillator or filter. 
[0021] in order to store energy differently in different 
parts of the resonator of Fig. 2, the geometry of the res- 
onator may be changed. As a result, the energy of the 



sound wave will be concentrated in the middle of the 
dome at certain frequencies due to the sound wave be- 
ing propagated and reflected at the correct time such 
that the energy Is constructively summed. At the outer 
edges of the resonator, where the dome is thinner, how- 
ever, the energy is less than optimally summed at iden- 
tical frequencies because the wavelength is less than Yz 
lambda. As a result, a greater amount of energy is con- 
centrated at the center of the resonator as a result of the 
less than optimal summing of the energy at the edges 
of the resonator. Naturally, one skilled in the art will ap- 
preciate that the foregoing is a simplified view of reso- 
nance phenomena of complicated geometries, but Illus- 
trates that energy can be concentrated in certain parts, 
of a resonator depending on its constmction and the fre- 
quency of operation. 

[0022] Alternatively, multiple layers of resist can be 
provided such that multiple etchings are perfonned to 
produce a resonator having a stepped shaping. Fig. 4 
Is an illustration of a step-wise shape piezo resonator 
according to the present invention. Fig. 7 is a cross sec- 
tional illustration of a doubly step-wise shaped piezo 
electric resonator. The step-wise shaped piezo resona- 
tor shown in Fig. 4 includes silicon dioxide layers and 
aluminum nitride layers which acts as an acpjustic mirror. 
Utilizing the photolithographic processes, it is possible 
to approximate a dome which has a number of small 
steps. At times, it is easier to construct discrete steps 
and achieve benefits similar to those obtained in a 
domed piezo resonator. With a step-wise shaped piezo, 
it Is possible to perform a more conventional- lithography 
In multiple steps. Advantageously.the step-wise shaped 
piezo resonator may also split the mode Into a multiplic- 
ity of modes to thereby add desired spectral features to 
the electrical response of the resonator. The doubly 
step-wise shaped resonator shown In Fig. 7 may also 
be constructed as a free standing membrane. Alterna- 
tively, the top layer of the acoustic mirror or a second 
electrode of the resonator may be constructed in a 
trenched manner such that the interface between the 
resonator and mirror is lowered at desired locations. 
[0023] It is also advantageous to use the photolitho- 
graphic processes to shape resonators such that vari- 
ous shapes are achieved, for example a plano-convex 
shaped resonator (as shown in Fig. 6), or a doubly con- 
vex shaped resonator (as shown in Fig. 6). It is also pos- 
sible to utilize the etching processes to shape the reso- 
nators such that they possess the combined features of 
the various resonators (see for example, Figs. 8 and 9). 
In addition to shaping resonators on mirrors, it is also 
desirable to shape freestanding membrane resonators 
and utilize them in broader band filtering applications. 
[0024] Figs. 1 0(a) through 1 0(f) show top views of oth- 
er contemplated embodiments of the present invention. 
These lower symmetry embodiments are shaped via 
photolithography or etching such that they focus sound 
waves in a manner which Is advantageous for a partic- 
ular application (i.e., repositioning the location of sound 
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waves within resonators, for example). In a conventional 
circular shaped resonator, laterally moving sound 
waves propagate and reflect symmetrically. In such a 
resonator, at certain frequencies these waves can arrive 
in the middle of the resonator at the same time (in 
phase). In contrast, the lower symmetry shaped reso- 
nators according to the invention do not cause the sound 
waves to propagate and reflect to the middle of the res- 
onator in phase. Instead, the lower symmetry shaped 
resonators may cause the sound waves to reflect in a 
chaotic manner (random) or cause large amplitude vi- 
brations at locations away from the resonator's center. 
As a result, an advantageous repositioning of the lateral 
propagation of the wave is achieved. 
[0025] The mode shape imposed by the embodi- 
ments shown in Figs. 10(a) through 10(f) changes as 
the operating frequency of the resonator is changed, 
due to coupling between the direction of the waves in 
the resonator and the nonparallel edges of the resona- 
tor. This change in mode shape can result in a desired 
frequency dependant change in the impedance of the 
resonator. The polygonal andtrapezoidal.embodlments 
shown in Figs: 10(a) and (c) possess mode shapes 
which are generally consistent with the symmetry of the 
resonator boundaries. The quadrilateral embodiment 
shown in Fig. 10(d) possesses a mode shape which 
comprises waves disposed in lines which are parallel to 
the resonator edges, with perturbations (i.e., a varia- 
tions of the mode shape) which occur as a result of the 
rounded corners. The ellipsoidal enifc)odiment shown in 
Fig.1 0(b) possesses a mode shape which comprises In- 
terposed ellipses and hyperbolas. The annulus embod- 
iment shown In Fig. 1 0(e) possess a circular radial mode 
shape which Is interposed with a sinusoidal angular pat- 
tern. The stadium embodiment shown in Fig. 10(f) pos- 
sesses a chaotic shape. 

[0026] Resonators having the different edge configu- 
rations shown in Figs. 11 (a) through 11(c) (i.e., hatched 
scalloped, jagged or wavy edges, for example) can be 
constructed and used to cause lateral waves within the 
resonator to reflect at randorn phases. This may prove 
advantageous in that it is possible to cause the sound 
waves to Interfere in a non uniform manner, and thus 
reduce constructive interference (i.e., reduce reflection 
coherency). This reduction in reflection coherency oc- 
curs in a manner which Is analogous to "roughing" the 
walls of a room to reduce unwanted coherent reflec- 
tions. 

[0027] While the invention has been particularly 

shown and described with reference to a preferred em- 
bodiment thereof, It will be understood by those skilled 
in the art that various changes in form and details may 
be made therein without departing from the spirit and 
scope of the invention. 



Claims 

1 . A method for photolithographic shaping of high fre- 
quency thin film acoustic resonators, comprising 

5 the steps of: 

utilizing one of a healing schedule and vapor 
cycle to shape a masking material into a struc- 
ture; and 

10 removing material from the resonator to shape 

the resonator.. 

2. The method of claim 1 , wherein said removing step 
comprises: 

IS removing material from at least one of one 

electrode, underlying layers and transducing mate- 
rial-of the resonator 

3. The method of claim 2, wherein the transducing ma- 
20 terlal is one of a piezoelectric, a electrostrictive, and 

a magnetostrictive material. 

4. The method of claim 1 , wherein said material re- 
moval comprises one of etching and polishing the 

25 resonator. 

5. The method of claim 4, wherein said etching of the 
resonator comprises doming and dishing the reso- 
nator. 

30 

6. The method of claim 4, wherein said etching of the 
resonator comprises doming and step shaping the 
resonator. 

35 7. The method of claim 4, wherein said etching of the 
resonator comprfses dishing and step shaping the 
resonator. 

8. The method of claim 1 , wherein said predetemiined 
40 heating schedule comprises the steps of: 

subjecting the material to heat of at least a first 
temperature; and 

subjecting the material to heat of at least a sec- 
45 ond temperature. 

9. The method of claim 1 , wherein the first tempera- 
ture is 80** C and the second temperature is 1 50** C. 

50 10. The method of claim 8, wherein said subjecting 
steps are performed for ten minutes, respectively. 

1 1 . The method of claim 1 , further comprising the steps 
of: 

55 

repeating the steps of utilizing the heating 
schedule to pattern material into a shaped res- 
onator; and 
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etching the resonator to obtain at least one of 
a doming, contouring and a stepped shaping of 
the resonator. 

12. ' The method of claim 1 , wherein the resonator is one 

of a polygonal shaped, stadium shaped, circutar 
shaped; elliptical shaped and annuloidal shaped 
resonator. 

13. The method of claim 1 , further comprising the steps 
of: 

repeating the steps of utilizing a vapor cycie to 
fomn a structure of masking material on top of 
the resonator into a profile; and 
etching the resonator to obtain at least one of 
a doming, contouring and a stepped shaping of 
the resonator based on the structure of mask- 
ing material. 

14. The method of claim 1, wherein a mode shape of 
the resonator has a maximum displacement at a 
center of the resonator. 

15. The method of claim 1 , wherein the masking mate- 
rial is a photo resist and said vapor cycle comprises 
the step of: 

exposing the material to a heated resist sol- 
vent to lower a temperature at which the material 
begins to flow. 

16. The method of claim 16, wherein the resist solvent 
Is propylene glycol methyl ether acetate. 

17. The method of claim 1 , wherein edges of the reso- 
nator are one of hatched shaped, scallpped 
shaped, jagged shaped and wavy shaped. 

18. The method of claim 4, wherein said etching is one 
of reactive ion etching, focu^ed ion beam etching, 
chemical mechanical polishing and wet chemistry. 

19. The method of claim 18, further comprising the step 
of: 

varying etching parameters during material 
removal to vary removal rates of the masking ma- 
terial and resonator such that the resonator has a 
different shape than the masking material. 

20. The method of claim 19, wherein the etching param- 
eters are one of a reactive gas used during reactive 
ion etching, chemicals in which wet chemistry etch- 
ing is performed and chemicals used to polish the 
resonator. 

21. A method for lithographic shaping of thin film reso- 
nators to have resonant modes, comprising the 
steps of: 



shaping masking material into a profile; and 
etching the resonator based on the masking 
material to shape the resonator. 
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